Campylobacter concisus strains are asaccharolytic, nonpigmented gram-negative rods of the human oral cavity (37) . Several investigators found an increased proportion of C. concisus strains in inflamed gingival crevices (23, 39, 41) . The pathogenic role of C. concisus with regard to the different periodontal diseases remains unclear. The fastidious nature and the poor biochemical activity of several oral bacteria (including C. concisus) often hampered their characterization (38) . Serological and protein electrophoretic procedures were successfully used to identify such bacteria (1, 22, 36, 38) . Recently, Johnson and Finegold (15) reported the first isolation of C. concisus from a nonoral human clinical specimen.
Between 1980 and 1987 a number of Campylobacter-like organisms or misidentified campylobacters were isolated from different clinical sources: one strain was isolated from a blood culture of a man with a carcinoma of the bronchus; two strains (originally identified as C. pyloridis) were found in antrum biopsy specimens of adult patients; one strain was isolated from the esophagus of a patient with a hiatus hernia; one strain was isolated from a duodenal aspirate of a child; and nine strains were isolated from feces of patients suffering from diarrhea, severe abdominal pain, fever, or exanthema (Table 1) . Eight strains were isolated in Sweden, four were isolated in the United Kingdom, one was isolated in Australia, and one was isolated in Canada ( Table 1) . One of us (9, 10) provisionally grouped these strains in unnamed EF (E. Falsen) group 22 on the basis of a few conventional phenotypic tests and immunotyping and found a great resemblance to C. concisus strains.
In their study of the phylogenetic relationships in the genus Campylobacter, Vandamme and De Ley (P. Van belong to a fourth rRNA branch within the same rRNA homology group. In the present study we used four different approaches to identify the EF group 22 strains: (i) the cellular proteins were extracted and separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and the electrophoregrams were compared and grouped by numerical analysis, (ii) the immunological characteristics of the strains were studied with the immunotyping technique of Falsen (8) , (iii) DNA:DNA hybridization experiments were performed to confirm the identity of the EF group 22 strains, and (iv) the DNA base composition of selected strains was determined. In addition to C. concisus and C. mucosalis, strains of C. fetus subsp. fetus, "C. fecalis," and C. jejuni were selected as representative of the C. fetus rRNA branch, the C. sputorum rRNA branch, and the C. coli rRNA (3) , an excellent agreement between the electrophoretic groupings after numerical analysis of the protein patterns and the taxonomic groups studied (Fig. 1) . The numerical analysis of the digitized protein electrophoretic fingerprints ( Fig. 1) Immunotyping. Antisera have been prepared against more than 20 Campylobacter reference strains (10) . The serological cross-reactivity of EF group 22 strains and Canpylobhacter reference strains was tested against each Camnpylobacter antiserum. The results of the cross-reactions versus antisera of EF group 22 CCUG 17580, C. concisus CCUG 13144T and C. iniwosalis CCUG 6822T are shown in Table 2 . C. colicisuS strains and EF group 22 strains reacted in a similar way against each antiserum. High cross-reactivity was found against antisera of C. concisius CCUG 13144T and EF group 22 CCUG 17580 (Table 2) ; somewhat lower, but also clearcut, cross-reactions were found against the C. inucosalis CCUG 6822T antiserum. No or very weak cross-reactions were found against antisera of reference strains belonging to C.fetus subsp.fetus, C.letus subsp. i'enei-ealis, C. hvointestinalis, C. spuitoruni subsp. spltoruin, C. sputoruni subsp. biubulus, ''C. Jecxali.ss, C. jejuni. C. coli, C. l(ridlis, 'C. upsalienisis,'' C. pylor'i, C. crvaerophila, and C. nitrofigilis (data not shown).
DNA:DNA hybridizations. DNA was prepared from two C. ,onc'is1s strains (CCUG 13144T and CCUG 20534) and five (Fig. 2) . We found six DNA homology groups; within the groups the DNA binding values varied from 68 to 100%.
DNA base compositions. The average percent G+C values of the strains studied are given in Fig. 2 . DISCUSSION Method. Gel electrophoresis of cellular proteins has been used frequently to identify campylobacters or to solve taxonomic problems with these organisms (3, 11, 12, 21, 24, 25, 36, 38) . It is a fast and reliable technique which is particularly useful for studying bacteria inert in many biochemical tests. In our study we used both an SDS-PAGE technique with numerical analysis of the electrophoregrams and an immunological approach for the identification of EF group 22. These techniques have been shown previously to be very useful for unraveling taxonomic relationships (7, 27, 31. 42 (Table 1) ; only two strains were recognized as "C. concisus?" after prior preliminary reports on the identities of some other EF group 22 strains as C. concisus-like organisms. This emphasizes again the difficulties for the correct identification of campylobacters. As explained above, the fastidious C. concisus strains require a microaerophilic atmosphere containing hydrogen for optimal incubation conditions. Adapting detection techniques in this way and using suitable identification procedures such as SDS-PAGE and immunotyping might result in a significant increase in the number of C. concisus-associated infections detected.
C. fetus, "C. fecalis," and C. jejuni. The results of the protein electrophoretic, immunological, and DNA:DNA hybridization studies indicate that the Campylobaccter taxa chosen as representative members of the three Campylobacter rRNA branches (see introduction) each constitute a homogeneous taxon, clearly different from the other taxa studied ( Fig. 1 and 2 ; Table 2 ). DNA:DNA hybridization studies (26, 34, 35) and immunotyping (data not shown) indicate that C. jejuni subsp. jejuni and C. jejuni subsp. doylei are closely related and clearly distinguishable from other Campylobacter taxa. We found, as did Owen and co-workers (25) , considerable protein electrophoretic differences between both subspecies of C. jejulni. This can easily be explained by the different levels of resolution of the protein electrophoretic and the DNA:DNA hybridization methods (5) .
The DNA base compositions of all Campylobacter reference strains determined correspond to published values (29, 33, 37 (19) constitute a first electrophoretic subgroup, while the serotype B and C strains studied from a second subgroup (Fig.  1) . This high electrophoretic heterogeneity (r = 0.48) might be an indication for important genomic differences within the species C. mucosalis. Immunotyping indicated that C. mucosalis is more closely related to C. concisus than to any other Campylobacter species. Unpublished DNA:rRNA hybridization results of Vandamme and De Ley (in preparation) corroborate this conclusion. Common features of C. concisus and C. inucosalis are the high percent G+C values, as compared with other Campylobacter representatives ( Fig.  2; 29, 30, 33, 37) , and the necessity of hydrogen or formate for microaerophilic growth and of fumarate and hydrogen or formate for anaerobic growth (33) . The immunological, biochemical, and rRNA-cistron similarities between C. conc-isus and C. mucosalis did not extend to the DNA:DNA similarity level ( Fig. 2; 30) 
